Background/objectives: Preterm birth has been associated with reduced reproduction rates, and controversies remain regarding the effect of being born small for gestational age (SGA) on ovarian function. Recent findings in young men showed no effect of preterm and SGA birth on testis function. We hypothesised that follicle pool size in young adult women is also not affected by preterm and SGA birth. Design/methods: In 279 young women of the PROGRAM/PREMS study, aged 18-24 years, the influence of gestational age, birth length and birth weight on serum levels of anti-Mü llerian hormone (AMH) was analysed with multiple regression modelling. Additionally, AMH levels were analysed in preterm-versus term-born females and in three subgroups: females born SGA with either short stature or catch-up growth (SGA-CU), and females born term and appropriate for gestational age with normal stature (AGA controls). Results: Preterm and SGA birth did not affect AMH and other hormone levels. Older age at menarche and oral contraceptive pill use (OC-use) were related to lower AMH levels, and maternal smoking during gestation was related to higher AMH levels. After correction for maternal smoking, lower socioeconomic status (SES) was associated with lower AMH levels. In subgroup comparisons, SGA-CU women showed higher AMH levels than AGA controls, also after adjustment for several factors. Conclusion: Preterm and SGA birth did not affect AMH levels. Factors associated with serum AMH levels were OC-use, age at menarche, maternal smoking during gestation and SES. We conclude that preterm-and/or SGA-born females are not likely to have a reduced follicle pool size.
Introduction
Controversies exist regarding the association between preterm and small for gestational age (SGA) birth and abnormal ovarian function in adulthood. Some studies showed smaller ovaries and uterus in infant and adolescent women born SGA (1, 2) . Others found no differences in ultrasonic measurements of the uterus and ovaries in girls born SGA (3); neither did intrauterine growth retardation (IUGR) affect the ovarian volume of fetuses nor the volume percentage of follicles in the ovaries (4) .
With regard to the relationship between preterm birth and ovarian function, less research has been performed. Preterm birth might affect gonadal function, as reduced reproduction rates have been reported in men and women who had been born preterm (5) . However, this lower reproduction rate in women could be a consequence of altered environmental factors related to socioeconomic status (SES), rather than reduced gonadal function, as has been demonstrated in men (6) .
As a consequence of undernutrition causing altered programming of the fetus and SGA birth, one might expect a negative effect of SGA birth on gonadal function (7) . However, we previously demonstrated that preterm and SGA birth did not affect inhibin B levels and other gonadal parameters in young men (6) . In young women, the association between preterm and SGA birth and ovarian function has not been studied. Because we did not expect the influence of SGA and preterm birth in women to be different from that in men, we hypothesised that the size of the follicle pool in young adult women is not affected by preterm and/or SGA birth.
To test our hypothesis, we investigated the effects of gestational age at birth, birth weight (BW) SDS, birth length (BL) SDS and adult size on serum anti-Mü llerian hormone (AMH), in a large group of 279 women aged 18-24 years. AMH is correlated with the number of growing follicles and indirectly correlated with the primordial follicle pool (8) . It is a marker of the follicle pool size, which decreases with age and is undetectable after menopause (8, 9) . Most studies showed that AMH levels are independent of menstrual cycle (10) (11) (12) , but controversies still exist (13) .
In addition, serum AMH levels were investigated after dividing the total study population into women born either preterm or term and into three clinically relevant subgroups of young adult women: women with either a short or a normal stature born SGA, and a group of women with a normal stature born term and appropriate for gestational age (AGA controls).
Subjects and methods

Subjects
The PROGRAM/PREMS study cohort consists of 279 healthy female participants aged 18-24 years. The subjects who were asked to participate were selected using registration data from academic hospitals in the Netherlands. They were selected because of being born preterm (gestational age !36 weeks), being small at birth (SGA with a BL !K2 SDS) (14) or showing short stature (after being born SGA or AGA with an adult height !K2 SDS) (15) . In addition, healthy subjects were randomly asked to participate as controls. They were randomly recruited by advertising in newspapers, public transport, schools with different educational levels, festivals, etc. to avoid selection bias. The participation rate of the PROGRAM/PREMS study cohort was 79.5% (6) . All subjects fulfilled the same inclusion criteria age 18-24 years, born singleton, Caucasian, an uncomplicated neonatal period without signs of severe asphyxia (defined as an Apgar score below 3 after 5 min), without sepsis or long-term complications of respiratory ventilation such as bronchopulmonary dysplasia, maximum duration of respiratory ventilation and/or oxygen supply in the neonatal period of 2 weeks. Subjects were excluded if they suffered or had suffered from any serious condition (including heart, lung, neurological, gastrointestinal and kidney disease), serious complication (including necrotizing enterocolitis, intraventricular haemorrhage with a degree of three or more, spastic hemiplegia or quadriplegia) or had been subjected to any condition or treatment known to interfere with growth (e.g. GH treatment, treatment with glucocorticosteroids, radiotherapy, GH deficiency, severe chronic illness, emotional deprivation), or if they had endocrine or metabolic disorders, chromosomal defects, syndromes or serious dysmorphic symptoms suggestive of a yet unknown syndrome.
Birth data were collected from medical records of hospitals, community health services and general practitioners. Information regarding SES, smoking, alcohol use, maternal smoking during gestation and presence of irregular menstrual cycle (before the start of oral contraceptive pill use (OC-use)) was obtained using questionnaires, which were answered by the participant and her mother (including questions about gestation). Menstrual regularity was defined as a menstrual cycle length of 21-35 days. Age at menarche was also determined using questionnaires. Previous research showed that recalled and actual age at menarche correlate well in young women (16) . Education level of the participant was used as socioeconomic indicator to determine SES (categorised as low, medium and high; range 1-3) (17) . The Medical Ethics Committee of Erasmus Medical Centre, Rotterdam, the Netherlands, approved the study. Written informed consent was obtained from all the participants.
Based on the SDS of BL and adult height, the total study group of 279 women was also divided into three subgroups. To increase the statistical power for subgroup comparison, the cut-off values for small birth size and short adult height were set at K2 SDS, and the cut-off values for normal birth size and normal adult height were set at K1 SDS. Based on these cut-off values, a total of 137 participants were included in one of the three subgroups: To study the effect of preterm birth, women were also divided based on preterm or term birth. The preterm group comprised of women with a gestational age !36 weeks. The term group comprised women with a gestational age R36 weeks.
Measurements
All the participants visited the Erasmus Medical Centre in Rotterdam. They had been fasting for at least 12 h and had abstained from smoking and alcohol for at least 16 h. Height was measured to the nearest 0.1 cm using a Harpenden stadiometer and weight to the nearest 0.1 kg using scales (Servo Balance KA-20-150S). All anthropometric measurements were performed twice, and the mean value was used for analysis. All fasting blood samples were drawn between 0800 and 1300 h and centrifuged after clotting. Fat mass (FM) was measured on a single DXA machine (Lunar Prodigy, GE Healthcare, Chalfont St Giles, UK). Quality assurance was performed daily. The intra-assay coefficients of variation (CV) for lean tissue and fat tissue was 1.57-4.49 and 0.41-0.88% respectively (18) .
Assays
All samples were kept frozen (K80 8C) until assayed. Per subject, all hormone concentrations were analysed in the same blood sample at the same laboratory. The AMH levels were measured using the Diagnostic System Laboratories (DSL) ELISA (Inc., Webster, TX, USA) (19) . For 33 women, the values were adjusted (*3) because another DSL kit was used. The intra-and inter-assay CV were !5 and 10% respectively. In 156 of 279 subjects, serum sex hormone-binding globulin (SHBG), testosterone, non-SHBG-bound testosterone and androstenedione were additionally determined. This group consisted of 93 OC-users and 62 non-OC-users. To ensure that LH and FSH were determined during the same phase of the menstrual cycle in all participants, LH and FSH were only determined in women who visited the hospital during day 3-6 of the menstrual cycle (nZ21), or in the pill-free period in the case of OC-use (nZ78).
LH, FSH, SHBG and androstenedione were measured using immunometric assays (Immulite 2000, Siemens DPC, Los Angeles, CA, USA); the intra-and inter-assay CV were !5 and 12% for LH, !3 and 8% for FSH and !7 and 9% for SHBG. Testosterone was measured by coated tube RIA (Siemens DPC); the intra-and interassay CV were !7 and 9%. Non-SHBG-bound testosterone was calculated using the method described by Sodergard et al. (20) using a fixed albumin level of 40 g/l. The formulas for these calculations have been previously described (21) .
Statistical analysis
SDS for BL, BW, adult height and adult weight were calculated, to correct for gestational age and age (14, 15) . Owing to a skewed distribution, AMH, LH, FSH, SHBG, testosterone and non-SHBG-bound testosterone were log transformed; for all log transformations, natural log was used.
The associations of birth size and gestational age with AMH levels were analysed with multiple regression modelling. BL SDS, adult height SDS and an interaction term for BL SDS and adult height SDS were added to all models because the study cohort had been selected on the basis of BL and adult height (22) . This ensured that the effect of these variables was modelled correctly. For the first model, we entered age, gestational age, BW SDS (model 1). Because recent findings suggested an influence of OC-use on AMH levels, we adjusted for OC-use in model 1 (23). In the second model, we additionally corrected for FM (kg) (model 2) because obesity has been previously related to serum AMH levels (24) . Thirdly, we added age at menarche to the model (model 3), and finally SES was added (model 4). We also performed multiple regression analysis to determine the effect of maternal smoking during gestation on AMH after correction for age, gestational age, BW SDS, OC-use, FM, age at menarche and SES.
Because maternal smoking was only known for 231 of the 279 subjects in the total group, we performed a separate analysis (model 5). Unstandardised coefficients (b) are shown in the tables.
Smoking and alcohol use of the participants were added to the last models, but these factors had no significant effects and did not influence the results (data not shown). In addition, we performed similar stepwise regression modelling (models 1-4) using LH, FSH, SHBG, testosterone, non-SHBG-bound testosterone and androstenedione as dependent variables.
ANOVA was used to determine if there were differences between subgroups, and preterm-versus term-born women with regard to group characteristics. Post hoc Bonferroni's correction was used for pairwise group comparisons. A Kruskal-Wallis test was used to determine associations between preterm birth/ subgroup and OC-use, proportion of mothers smoking during pregnancy and SES, and to determine the association between maternal smoking during gestation and SES. To determine which subgroups differed significantly regarding SES, the Kruskal-Wallis test was performed pairwise. Subgroup comparisons were not done for LH and FSH because the sizes of the subgroups were too small. To determine differences in AMH, SHBG, testosterone, non-SHBG-bound testosterone and androstenedione levels between the subgroups, an ANCOVA model was used with AGA controls as reference group and SGA-S and SGA-CU as dummy variables, adjusted for age, OC-use and gestational age (model 1). To avoid over adjustment for gestational age in ANCOVA analysis, the AGA women born preterm were included in the AGA control group. This resulted in a total number of 76 subjects in the reference group.
Stepwise additional adjustment was performed for FM (model 2), age at menarche (model 3) and SES (model 4). Maternal smoking during gestation was studied in a separate analysis (model 5). Smoking and alcohol use were added to the last models, but these factors did not influence the results of the subgroup comparisons.
Statistical package SPSS version 15.0 (SPSS, Inc., Chicago, IL, USA) was used for analysis. Results were regarded statistically significant if P was !0.05.
Results
Total study population Table 1 shows the clinical characteristics of the total study population. Table 2 shows unadjusted median (interquartile range) hormone levels of the total study population. The results of multiple regression analysis are shown in Table 3 . Gestational age, BW SDS and BL SDS were not significantly associated with AMH levels. OC-use had an inverse association with AMH in each model (P!0.001). In model 3, age at menarche was added, which showed a significant inverse association with AMH levels (PZ0.004). Smoking and alcohol use of the participants were added to the last models, but these factors had no significant effects and did not influence the results. Although several parameters showed a significant influence on AMH, the adjusted R 2 remained low (R 2 Z0.15 in model 4).
Because maternal smoking was only known for 231 of the 279 subjects in the total group, we performed separate analyses. Multiple regression analyses showed that maternal smoking during gestation was significantly associated with higher serum AMH levels after adjustment for age, gestational age, BW SDS, OC-use, BL SDS, adult height SDS, FM, age at menarche and SES (PZ0.022) (Table 3, model 5). Only after correction for maternal smoking during gestation in model 5, SES was positively associated with AMH levels (PZ0.044). Table 4 summarises the results of regression analyses, using LH, FSH, SHBG, testosterone, non-SHBG-bound testosterone and androstenedione as dependent variables. Adult height SDS was positively associated with androstenedione levels (PZ0.044), after correction for several factors including BL SDS and OC-use. The only other significant effect was OC-use, which had a significant effect on all parameters. Maternal smoking during gestation did not influence any of the additional parameters. Table 1 Clinical characteristics of women in the PROGRAM/PREMS study and unadjusted differences between subgroups. Values are given as mean (S.D.). 
Study group
Total (nZ279) Preterm (nZ84) Term (nZ195) SGA-S (nZ31) SGA-CU (nZ56) AGA controls (nZ50) BL (SDS) K1.5 (1.6) K1.4 (1.9) ‡ K1.5 (1.5) K2.9 (0.7) ‡ K3.0 (0.9) ‡ 0.06 (0.8) BW (SDS) K1.0 (1.5) K0.77 (1.7)* , § K1.2 (1.4) K2.0 (1.0) ‡ K2.4 (0.8) ‡ K0.
Subgroup comparisons
Clinical characteristics of the subgroups are shown in Table 1 . Women born preterm had a higher BW SDS (PZ0.043) and adult height SDS (P!0.001) than those born term. Furthermore, their mean weight SDS (PZ0.046), percentage FM (PZ0.030) and FM (kg) (PZ0.038) were higher. The difference in SES between preterm-and term-born women was borderline significant (PZ0.054). Women born preterm had a lower adult height (height (cm): P!0.001) and height SDS: P!0.001), a higher percentage FM than AGA controls (FM (%): PZ0.004) and a lower BW SDS (PZ0.037). The SES of AGA controls was higher than that of women born preterm (PZ0.002).
In agreement with selection criteria, significant differences were observed between SGA-S, SGA-CU women and AGA controls in gestational age, BL SDS, BW SDS, height and height SDS. Mean gestational age of SGA-CU women was lower than that of SGA-S (P!0.001) women. SGA-S (PZ0.003) and SGA-CU (PZ0.004) women had a lower SES than AGA controls. There were no significant differences between subgroups regarding age at menarche and proportion of OC-use. In both SGA subgroups (SGA-S and SGA-CU), the prevalence of maternal smoking during gestation was higher than in the AGA control group (PZ0.035 and PZ0.050 respectively). Furthermore, lower SES was associated with a higher proportion of mothers smoking during gestation (P!0.001). Table 2 shows median (interquartile range) serum hormone levels of the women in the PROGRAM/PREMS study divided in subgroups. Preterm-and term-born subjects had similar AMH levels, also after adjustment for BL SDS, adult height SDS, BW SDS, age, OC-use, FM, age at menarche and SES. Preterm-born women had higher non-SHBG-bound testosterone levels (PZ0.030) and androstenedione levels (PZ0.012), and lower SHBG levels (PZ0.013) than term-born women. However, there were no significant differences in serum hormone levels between women born preterm and AGA controls.
SGA-CU women had the highest median AMH levels, but this difference did not reach significance ( Table 2 ). The women in the SGA-S and SGA-CU subgroups more often reported an irregular menstrual cycle (before the start of OC-use) than AGA controls (PZ0.016 and PZ0.003 respectively).
After adjustment for age, gestational age and OC-use, subgroup comparisons revealed significantly higher AMH levels in SGA-CU women than in AGA controls ( Table 5 : PZ0.029). This difference remained significant after stepwise additional adjustment for FM, age at menarche and SES (PZ0.030, PZ0.026 and PZ0.019 respectively). Additional adjustment for maternal smoking during gestation and smoking or alcohol use did not influence these results. Comparison of SGA-S and SGA-CU with AGA controls revealed no differences in SHBG, testosterone, non-SHBG-bound testosterone and androstenedione levels. Also after correction for age, OC-use, gestational age, FM, age at menarche, SES and maternal smoking during gestation, no significant differences could be established between subgroups.
Discussion
This is the first study to investigate the influence of preterm and SGA birth on AMH levels in young women. There were no adverse effects of preterm and SGA birth on AMH levels, a good proxy for the size of the ovarian follicle pool (9) (10) (11) , and on other gonadal function parameters.
Older age at menarche and OC-use were related to lower AMH levels. Maternal smoking during gestation Table 3 Multiple regression analysis of factors that influence serum anti-Mü llerian hormone (AMH) levels (mg/l) in young women. AMH is log transformed. A b value of 0.50, 0.10 and 0.01 equals an increase in AMH of 64.8, 10.5 and 1.01% per unit change of the independent variable respectively. Model 1 includes age, gestational age, birth weight SDS, birth length SDS, oral contraceptive pill use (OC-use), adult height SDS and an interaction term for birth length SDS and adult height SDS. Model 2 additionally includes fat mass. Model was related to higher AMH levels, after correction for SES, whereas lower SES was associated with lower AMH levels. Subgroup comparison showed higher AMH levels in SGA-CU women than in AGA controls, also after adjustment for several factors including gestational age.
Our study demonstrates that preterm and SGA birth did not affect serum AMH levels, and therefore the size of the ovarian follicle pool in young adulthood. Previously, an association was found between preterm birth and a reduced reproduction rate (5) . Unfortunately, that study did not investigate serum AMH levels. From the present study, we can conclude that this was unlikely caused by a reduced primordial follicle pool count. An effect of gestational age on FSH and LH levels in infants born preterm has also been reported (25, 26) , but this had never been studied in adult women. Our study shows that gestational age does neither affect FSH nor LH levels in young women. This is in line with our study in young men that showed no effect of preterm birth on FSH and LH levels (6) .
Notably, OC-use was associated with lower AMH levels. Controversies exist with regard to the effect of OC-use on serum AMH levels. Some studies showed that exogenous sex steroids did not affect AMH levels (27) , whereas others did find an effect of OC-use (23, 28). In our study, the effect of OC-use on AMH levels remained significant, even after stepwise correction for age, gestational age, BL SDS, BW SDS, adult height SDS, FM, age at menarche, SES, smoking, alcohol use and maternal smoking during gestation. Recently, it has been suggested that variation in AMH levels during the normal menstrual cycle and during OC-use is most pronounced in young women. This might also account for the obvious differences between the current study and previous reports (13) .
We found a significant inverse association between age at menarche and AMH levels in young women, also after correction for several factors. One explanation might be that women with earlier age at menarche have a larger ovarian follicle pool which might enhance the chance of achieving higher oestrogen levels earlier than those with a smaller follicular pool. Research showed that increased oestrogen levels may promote the onset of the first menstrual bleeding (29) . Maternal smoking during gestation was also associated with higher AMH levels in Table 4 Multiple regression analysis of factors that influence on sex hormone-binding globulin (SHBG), testosterone, non-SHBG-bound testosterone and androstenedione. Adjusted for age and an interaction term for birth length SDS and adult height SDS.
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Non-SHBG-bound testosterone (nmol/l) a,c young women. Recently, it was shown in adolescent girls that maternal smoking during gestation is associated with a reduced uterus size. That study did not show an effect of maternal smoking during gestation on serum AMH levels (30) . However, the investigators did not correct their analyses for SES, which had significant influence in our study after correction for maternal smoking during gestation. Because a lower SES is related to maternal smoking during gestation and maternal smoking during gestation and lower SES have opposite effects on AMH, it is important to adjust for SES when studying the effect of maternal smoking during gestation on AMH levels. After correction for maternal smoking and several other factors, lower SES was significantly associated with lower AMH levels. This might indicate that women with a lower SES have a smaller follicle pool than those with a higher SES. These data are in line with our findings in males. We previously showed that a lower SES was associated with lower inhibin B and higher FSH levels in young men (6) . An explanation of the relationship between SES and gonadal function in females and males could be that there are nutritional and environmental differences due to SES. Endocrine disrupters have been shown to affect pubertal development, and subjects with a lower SES might be more exposed to endocrine disrupters, for example by inadequate food consumption (31, 32) .
Recently, it was shown that both low-and high-BW infants had higher AMH levels than normal BW infants (33) . In that study, a link was suggested between IUGR and polycystic ovary syndrome (PCOS), possibly caused by intrauterine programming affecting reproduction function in low-BW infant girls. Another explanation could be the positive relationship between insulin and AMH, as high-BW infants as well as low-BW infants who show catch-up growth are likely to have high insulin levels (33, 34) . Other recent studies showed no relation of BW with PCOS and AMH levels (30, 35) . Unfortunately, in these studies no distinction was made for infants with and without catch-up growth.
In our study, the SGA-CU subgroup showed significantly higher AMH levels than AGA controls, also after adjustment for several factors including SES and maternal smoking during gestation. Furthermore, the women in the SGA-S and SGA-CU subgroups more often reported an irregular menstrual cycle than those in the AGA control subgroup. This finding should not be interpreted rigidly, as we used questionnaires to assess menstrual irregularity, and the participants who used oral contraceptives had to remember their menstrual cycle before the start of OC-use. However, as increased serum AMH levels and irregular menstrual cycle are both associated with PCOS (8), our findings in the SGA-CU group might suggest that a larger proportion of women born SGAwith catch-up growth have early signs of PCOS. This is in line with a study in sheep demonstrating a PCOS-like phenotype in sheep that gained a lot of weight postnatally (36) . Furthermore, women with PCOS, as well as SGA-CU women, have decreased insulin sensitivity (8, 37) . The hypothesis that SGA-CU women might have an increased chance to develop PCOS is not supported by the finding that SGA-CU women in the present study had similar testosterone and androstenedione levels as controls, after correction for confounders. As our study was not designed to investigate PCOS, we cannot draw definitive conclusions from these findings.
In conclusion, our study in 279 young women shows that preterm and SGA birth do not affect AMH levels. Catch-up growth after SGA birth might, however, be associated with increased AMH levels. Other factors associated with serum AMH levels were OC-use, age at menarche, maternal smoking during gestation and SES. Our results suggest that women born preterm and/or SGA do not have a smaller follicle pool size than women born at term and/or AGA, obviating the need for extra monitoring of ovarian function in these women.
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